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TABLE 3 

TEST LOAD CONDITIONS 

Boom Boom Avg. Wind Avg. Wind Four Point 
Case Position Load lbs Direction Velocity Loads 

1 0° 0 WSW 12.9 Yes 

2 0° 3000 SW 10.7 Yes 

3 315° 0 WSW 12.1 No 

4 315° 3000 SW 10.4 No 

If the antenna including the outer race of the anteiaia is considered as a free 

body diagram, the equations of static equilibrium must be satisfied,  i.e. 

IF    =IF    =£F    =0 x y z 

IM - m =rM=o x y z 

Figure 8 shows a sketch of the bearing outer race and the coordinate system used. 

By summing up the ball loads on the outer race, the resultant moment and force on the 

antenna can be obtained.    In order to satisfy static equilibrium, the resultam of the ball 

loads must equal the imposed loads on the antenna. 

In particular, the net radial resultant should be equal and opposite in direction to 

the wind load.    The resultant force in the z direction must equal the antenna weight.    The 

resultant moment must be balanced out by the vector sum of the static unbalance and the 

wind moment.    These calculations serve as a check on the validity of the data.    A computer 

program was written to sum up all of the measured ball loads and to determine the com- 

ponents of their resultant moment and force.    This program, called Bearing Data Evalua- 

tion Program (BDEP) finds components of the resultant moment and force of the individual 

ball loads and also calculates the bearing life for the measured ball loads. 

Table 4 is a summary of the static equilibrium calculations.    Cases 1 and 2 are 

the two test conditions for which complete load data are available.    The components of 

the imposed loads are shown in comparison with components of the resultant ball loads. 

In order to satisfy static equilibrium, these respective components should be equal and 

opposite in direction. 
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TABLE 5 

RESULTANT RADIAL LOAD BASED ON MEASURED BALL LOADS 

Case 

BDEP- 
Radial 
Force 

Fy 

-Calculated 
Reactive 

Fx 

Ratio 
F / F y'    x 

Direction of 
Radial Re- 
active Re- 
sultant 
(y axis is 6 

= 0) 
e 

Cal- 
culated 
Wind 
Force 
Direc. 

Radial 
Reactive 
Force 
Resultant 

r      F* 

Meas. 
Wind 
Direc. 

Wind 
Force 
lbs. 
(Fig.  2) 

1    cose 

1 

2 

lb 

♦«650 

-5730 

-700 

-38L0 

-1660 

-9910 

-1. 72 

+3.45 

0.071 

330° 

196° 

266° 

150° 

16° 

86° 

7720 

6000 

9930 

67.5° 

45° 

67.5° 

3000 

2300 

3200 

The wind force direction should be 180    away from the calculated ball resultant. 

For Case 1,  analysis of the ball loads indicates the wind force 82. 5    away from the 

actual recorded wind direction.    For Case 2,  the agreement is much closer with only 

a 29    difference between the actual wind direction and that deduced from the ball loads. 

The wind force deduced from the ball loads ran more than twice the value obtained from 

the empirical equation of Figure 7. 

Table 6 gives the overturning moment and radial components based on ball loads. 

The residual unbalance moment is known and the radial component is only due to the 

wind.    Table 6 indicates the computation routine and results for Case 1,   2 and lb. 

TABLE 6 

RESULTANT WIND MOMENT BASED ON MEASURED BALL LOADS 

Static 
Unbalance 

Case     M    (about x)    M s y 

BDEP-Calculated 
Total Moment 

M 

Moment Due to 
the Wind 
M 

wy 
M 

wx 
Ratio 
M       /M wy/    wx 

Direction 
of Wind 
M-vector 
(y-axis is 
6  =   0) 

e 

Cal- Moment 
culated    Resultant 

M Wind 
Force 
Direc. 

M    - wx 
w   cos 6 

1 -126400 

2 -1782400 

lb -126400 

+27420      +3S0200       -27420      -253800        0. 108 264 354 255000 

-679370    +1207990     +679370    +574410        1. 18 40° 130° 887000 

-217910    +679870 217910   -553470        -0.394 292° 22° 1510000 

50 



CCMTCR  OF 

TO 

60 

o 

O     40 
o 

30 

I 20 

10 

FS0J004  V2 

F« LB/FT2 

V* MFH 

A* 4MO  FT 

R« 27' 

• «■«■■••■•■■«••■■«•■■■•••a ••■■■••»•••■•«••••■■ •••••• ■ •••••••••■■••••a •■•■•■•••• mmmmmmmmmm»m»mmmmmmmm»mmmmmmmmmmmmm^mmmmmmmmmmmmmm 

• •  . 
•■«•■«•■■•••••■■••■•••■•«■••■«••«■••••■••■•••(••••«••■•a*••••«•••••••••••••    • 

• «•••■••■a•■•■•••••••••••■••■••••■••«••••«■•••■•■••••■■••••••■••■•••  •• 

t« 

■i 

I 

20 SO 40 

WIND   VELOCITY,   MFH 

60 

Figure 7.    Estimated Antenna Wind Load 51 









z 0 t"'4
 

0 "" c. 0 ::s ~ 0 3 C
fl 

C
fl 

10
 

3
0

0
M

 
P

O
S

IT
IO

N
 

0 
D

E
G

ftE
E

S
 

N
O

 
LO

A
D

 O
N

 l
O

O
M

 
C

A
S

E
 

I 

C
A

LC
U

LA
T

E
D

 
B

A
L

L
 L

O
A

D
S

 

PR
EL

O
A

D
£D

 C
:tl

8.
 

(D
O

TT
ED

 
L

IN
E

) 

2
0

 
6

0
 

7
0

 

B
A

L
L

 N
U

M
B

E
R

 



• It) 

S33Y990 Nl l19NV ~~V~NO~ 

... , 

! ' "'I • w ••• --

.-

0 

0 
Gl) 

0 .... 

0 
10 

0 
'It 

0 
N 

0 

Figure :1. AN/FPS-!H Cont.."lct Angle-Distribution, 0 Degrees 1-No Load on Boom 

56 

a: 
LIJ 
CD 
2 
:::) 

z _, _, 
"" CD 























,;,;- -- ----- --- -

J\EFEHENCES 

1. Precision Runout Measurements, Main Bearing and Seats, AN/FPS-24 Antenna., 
Cottonwood, Idaho. 

2. Jones, A. B., "A General Theory for Elastically Constrained Ball and Rad:ial 
Rol~er Bearing Under Arbitrary Load and Speed Conditions," Bearing Systems 
Program (BFcT), Fafnir Bear1ng Company, New Britain,Connecticut. 

3. ,Jones, A. B., "A Theoretical Investigation of Large Rolling Element Bearing 
Performance in FPS-24 and FPS-~5 Radar Antenna Service, " Rome Air Development 
Cent0r, Contract No. AF30(602)-32.~6. 

·l. New Departure - Analysis ol[ Stresses and Deflections Vols:-I -II, New Departure 
Div., General Motors Cl)rporation 1946. 

67 

BEST AVAILABLE COPY 











Unclassified 
Security Classification 

DOCUMENT CONTROL DATA • R&D 
fSmcun ly c Immmtticattan ot lift»    body ol mbmtr»< t mnd mdmunt annolmlion mu#* b« •nf»r*«f tyttmn  tt%m oyrmll fparl im c Imtmltimd) 

I     0<*iniNA TINO  ACTIufV   (Corporal* muiborl 
General Electric  Co. 
Heavy Military    £lectronlc9   Dept, 
Syracuse,  N.Y. 

Unclassified 
1»     «MOu» 

1     «t^OUT   TITUl 

Structural  Study of AN/FPS-2U Pedestal 

4     DCSCniPTIvC   NCI» (Tyf>» ol r*porf and Incfuafv* datum) 

Final  Report 
S    AUTHOMCS;    Lmml nmn»    llrmln. 

Bamhart,   H.   D. 
McCrew,   J.   M. 
Lange,   E. 

Inlllml) 

September 19^5 
7«     TOTAt.   NO     or    »AOB* 

88 
7»   NO   or nap« 

• •      CONTMACT    OK   CNANT   NO 

b   mmojmcr NO 

e        'stem Ul6L 

AF30 (602)-3567 
im(l) 

EH-61655 

• 6    OTMBnnfPOMT   NOrS>   C>*nr atficr nun<*«r*  •>•! max 6« •••l#^*<< 
#i(a  raporO 

RArC-TR-65-2U7 
10    AVAILABILITY    LIMITATION   NOT ICO 

Available at   DDC ai.d  CFSTI. 

11     SU^L CMKNTAMV   NOTES It    t^ONtOMINO MILITAHV ACTIVITY 

Rome Air Develoiment Center 
Grlfflss Air Force Base, New York 

11     ABSTRACT 

Results  are presented from an Investigation of the load distribution to the 
main azlnuth bearing of the  AII/FPS-2U  radar.     The bearing Is  a 10-ft  diameter 
U-point   contact bearing subjected  to thrust,   radial,   and overturning loads. 
Actual  static ball loads were determined in a field test.     Bearing life calcu- 
lations  based on the measured  loads  and  compared with  theoretical  calculations 
are presented.     The feasibility of making dynamic  measurements  of ball  loads 
under  ictual  rotation condition was  proven. 

DD    ^ 1473 Unclassified 
Security Classification 



I 
Unclaaslfied 

Secufity Cl*«sific«tion 

KC v «onos 

Large diameter rolling element bearings 
Antl-friction bearings 
FPS-2^  Pedestal  study 
Rolling hearing load distribution 
Rad-ir  equipment 

»ox. m   1      • 
LINK   C 

INSTRUCTIONS 
1.    ORIGINATING ACTIVITY:    Entvr th« nam« and mddtmmm 
of th« contractor, subcontractor, grantaa,  Dapartmant of Da- 
fanaa activity or othar organisation Trorporata muthot) issutnc 
tha report. 

3a.    REPORT SECUWTY CLASSIFICATION:    Entar tha ovar- 
all   aacunty classification of tha raport.    Indicate whether 
'"Restricted Data" Is included    Markup la to be in accord- 
ance   with appropriate security regulationa. 
2b.    GROUP:     Automatic downcradtn« la specified in DoD Di- 
rective S200. 10 and Armed Forces Industrial Manual.   Entar 
tha croup number     Also,  whan applicable,  show that optional 
markings have been uaad for Group 3 anJ Group 4  aa author- 
ized 

3. REPORT TITLE     Enter tha complete raport tula in all 
capital letters.    Titles in all cases should be unclaaslfied. 
If a meaningful title cannot be selected without claaaifica- 
tion.   show title classification in all capitals In parenlhrsis 
imn.ediataly following tha title. 

4. DESCRIPTIVE NOTES. ,If appropriate, enter tha type of 
report,  e.g.,  interim, progress,  summary,   annual,  or final. 
Give  the inclusive dates whan a specific reporting period is 
covered. 
5. AUTHOR(S):     Enter th« name<s) of authors) as  shown on 
or in the report.    Entei  last name, first  name,  middle initial. 
If mlitary,   show rank  and branch of service.    Tha name of 
the principal  a 'thor >» an abaolute minimum requirement. 

6. REPORT DATt.    Enter the date of the report as day, 
month,  yesr,  or month,  year.    If more than on« data appeara 
on tha raport,  use dste of publication. 
7a     TOTAL NUMBER OF PAGES:    The total page count 
should follow normsl pagination procedures, i.e.,  «nter the 
number of pages containing information, 
76      NUMBER OF REFERENCES    Entar the total  number of 
references cited in the raport. 
• a.    CONTRACT OR GRANT NUMBER      If appropriate, entar 
the  applicable number of the contract or grant under wtm h 
the report waa  writlen. 
8b, tk , Si %d. PROJECT NUMBER Enter the appropriate 
military department identification, such aa project number 
subproject number,  system numbers,  «ask  number,   etc. 
9a.    ORIGINATOR'S REPORT NUMBER(S)      Enter the offi- 
cial  report numb«r by which th« document  will be identified 
and controlled by the onginatii^ activity.    This number muat 
be unique to this report. 
96 OTHER REPORT NUMBER(S): If the report has b»en 
sss gned sny other raport numbers feirfier by (he originator 
or by lb» mponmor),  also enter this numbers). 
10.     AVAILABILITY/LIMlTATtON NOTICES    Enter sny lim- 
its! ions on further dissemlnstion of th« report, other then those 

imposed by security clsssificstion, using standard atatemeuti 
such ss 

(1) 

(2) 

(3) 

(4) 

"(Ratified requesters may obtsin cooiea of this 
report from DDC. " 
"Foreign announcement and d:ss«ininstion of th.s 
raport by  DDC is  not authonred " 

"U. S  Government sgencies may obtain copies of 
this report  directly from DDC.    Other vicalified DDC 
users shall request through 

"U.  S   military agenciea may obtain copies of this 
report directly from DDC    Other  qualified users 
«hsll request through 

(5)     "All distribution of this report is controll«<L   Qual- 
ified DDC users  shall request through 

If the report  haa been furnished to th« Offtc« of Technical 
Services,   Department of Commerce,  for sale to the public,   indi- 
cate this fact and enter the price,   if knowib 
11. SUPPLEMENTARY NOTES: Use for sdditional esplana- 
tory notes, 
12. SPONSORING MILITARY ACTIVITY Enter the name of 
the departmental project office or laboratory sponsoring (pmr- 
ing lor) the research and development.    Include address. 
13 ABSTRACT      Enter sn sbstra« t giving s brief and factual 
summary of the document indicstive of the report,  even though 
it may slso sppear elsewhere in th« body of the technics I re- 
port     If additional apace la required, a contmustion sheet shall 
be attached. 

It la highly deairable that the abstrsct of classified reports 
be unclaaslfied      Each paragraph of the abatract  ahall end with 
an indication of the military security claaaificaticn of the  in 
formstion in the paragraph,   repreaented aa (TS)    (S>.   (C).  or (U) 

There is no limitstion on the  length of the abatract      How- 
ever,  the  suggested  length  is from   I 50 to 22S words 

14 KEY WORDS      Key words sre  technically meaningful terms 
or short phrsses that characterise a report and may be uaed aa 
indes entries for cataloging the report      Key words must be 
selected so that  no security clsssificstion is required     Identi 
fiers.  such'ss equipment model designslion.  trad«  name,  military 
project code name,   geographic location,  may be uaed as kc y 
words but will be  foil   wed by an  indication of techrucsl con- 
test      The sssignmant of links.  rul«a. snd weights  is optional 

UDclasslfled 
Security Classification 


